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Design Of Goncrete Structures
(Reka Bentuk Struktur Konkrit)
Duration: 3 hours
(Masa: 3 jam)
Please check that this examination paper consists of TWENTY TWO pages of
printed material before you begin the examination.
Sila pastikan bahawa kertas peperiksaan ini mengandungi DUA PULUH DUA muka
surat yang bercetak sebelum anda memulakan peperiksaan ini.
Students are allowed to answer all questions either in English OR in Bahasa
Malaysia only
Pelajar dibenarkan menjawab semua soalan dalam Bahasa lnggeris ATAU Bahasa
Malaysia sahaja.
Answer FIVE question only.






In reinforced concrete design, the slabs are designed either one way
slab or two way slab depending on the span/depth ratio. How do you
differentiate between one way slab and two way slab' You may give
sketches to illustrate the difference in terms of load distribution and
design criteria.
Dalam rekabentuk konkrit, papak lantai direka bentuk sama ada papak
satu arah atau papak dua arah dan bergantung pada nisbah
rentang/tebat. Bagaimanakah anda membezakan di antara 2 ienis
papak tantai ini. Anda boleh gunakan lakaran untuk menerangkan
'perbezaan ini, khususnya agihan beban dan criteria reka bentuk.
(6 marks/markah)
A reinforced concrete floor slab measuring 3 m x 5 m is simply
supported at the four edges. The slab is assumed to be 175 mm thick
with a total dead load of 5.0 kN/m2 and imposed load of 3'0 kN/m2.
Design the reinforced concrete slab using grade 25 concrete and steel
reinforcement using grade 250.
Sebuah lantai konkrit tetutang berukuran 3 m x 5 m disokong mudah
oleh empat penjuru. Papak tantai ini dianggarkan setebal 175 mm dan
memikul beban mati sebesar 5.0 kN/m2 a-a-n OeOan kenaan 3.0 kN/mz .
Lakukan reka bentuk papak tantai ini dengan menggunakan konkrit
dari gred 25 dan tetulang keluli gred 250-
(14 markslmarkah)
Define or illustrate the difference between following columns:-
(i) a short column and a slender column
(ii) a braced column and an unbraced column
Takrifkan atau terangkan perbezaan antara tiang-tang berikut:-
(i) Tiang pendek dan tiang langsing









A short braced axially loaded reinforced concrete column of size
300 mm x 300 mm is designed to carry an ultimate axial load of
1500 kN. Find the total steel area required for the longitudinal
reinforcement and the suitable size of the bars to be used. The
column material is made from grade 30 concrete, the main steel
reinforcement is of grade 460 and the links is made of steel of grade
250.
sebuah tiang konkrit tetulang yang dirembat berukuran 300 mm x 300
mm telah direkabentuk untuk memikul bebanan paksian muktamad
sebesar 1500 kN. Tentukan jumlah tetulang keluli utama dan saiz bar
yang sesuai digunakan. Bahan tiang ini dibuat daripada konkrit gred
30, tetulang utama daripada keluli gred 4G0 dan pengikat tetulang iatah
daripada keluli gred 250.
(14 markslmarkah)
(a) Explain the difference between design moment (M6) and ultimate
moment resistance (Mr).
Terangkan perbezaan di antara momen rekabentuk (Ma) dan momen
muktamad (M,).
(5 marks/markah)
(b) Calculate the bending moment of the simply supported beam as shown
in the following Figure 1.0.
(i) Load Factor method with a load factor = 1.8
(ii) Ultimate Limit State
Kira momen rekabentuk untuk rasuk mudah seperti ditunjukkan dalam
Rajah 1.0 berikut.










[5 kN/m (dead load /beban mati )







Rajah 1.0 (Figure 1.0)
What is the effect of bearing capacity of soil on the size of pad footing.
Apakah kesan keupayaan galas tanah terhadap saiz asas pad.
(5 marks/markah)
Design a square pad footing to resist a dead load of 800 kN and
imposed load of 550 kN. Assume the characteristic strength of
concrete and steel is 30 N/mm2 and 460 N/mm2, respectively. The
soil bearing capacity of the foundation is 160 kN/m'.
Rekabentuk asas segiempat asas pad untuk menanggung beban mati
800 kN dan beban kenaan 550 kN. Anggap kekuatan ciri konkrit dan
keluli adalah masing-masing 30 N/mm' dan 460 N/mm'. Keupayaan
galas tanah untuk asas adalah 160 kN/m'
(15 markslmarkah)
Discuss and explain the characteristics of reinforced concrete.
Provide sketches to support your discussion.
Bincang dan huraikan ciri-ciri konkrit beftetulang. Sertakan lakaran







Describe Five (5) causes of failures in concrete structure.
Huraikan Lima (5) faktor yang mengakibatkan berlakunya kegagalan
dalam struktur konkrit. (5 marks/markah)
Explain the factors influencing the durability of reinforced concrete.
Jelaskan faktor-faktor yang mempengaruhi ketahanlasakan konkrit
bertetulang.
(5 marks/markah)
Explain what is meant by limit state design.
Jelaskan apakah yang dimaksudkan dengan rekabentuk keadaan had.
(10 marks/markah)
A simply supported rectangular beam of 6 meter span carries a-
characieristic uniformly distributed dead load (including self weight of
beam) of 8 kN/m and an imposed load of 6 kN/m. The breadth of the
beam is 225 mm and the effective depth is 425 mm. Find the
reinforcement area required. Use grade 30 concrete and high yield
steel reinforcement.
Calculate the shear reinforcement required for the beam if yield
strength of shear reinforcement is 250 N/mm"'
Sebuah rasuk disokong mudah dengan rentang 6 meter menanggung
beban mati teragih seragam (termasuk berat sendiri rasuk) sebanyak 8
kN/m dan beban hidup teragih seragam sebanyak 6 kN/m. Lebar
rasuk adatah 225 mm dan kedalaman berkesan adalah 425 mm.
Dapatkan keluasan tetutang yang diperlukan. Gunakan konkit gred
30 dan keluli ketegangan tinggi.










Table 1. Design ultimate bending moments and shear forces
Table 2. Sectional areas of groups of bars (mt')








Moment 0 0.09F/ -0.11Fl 0.07FL -0.08fl
Shear 0.45F 0.6F 0.55F
NOTE. I id the ffictive span;
F is the total design uhimate load (1.4G,*+ 1.60Q0.














84.9 113 142 170 198
151 201 252 302 352
236 314 393 471 550
339 452 566 679 792
603 804 1010 '1210 1410943 1260 1570 1890 2200
1470 1960 2450 2950 3440
2410 3220 4020 4830 5630











































Table 4. Sectional areas per metre width for various bar spacings (mm')
Spacing of bars
Bar size
(mm) 75 100 125 150 175
6 5668 101010 1570
12 226016 402020 6280










226 189402 335628 523





























Table 5. Asu/Sv for varying stirrup diameter and spacing
Stirrup spacing (mm)Stirrup
diameter
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Section three





























t!1lnimum cement content(kg/mr) .'!',.,
Lowest grade ol concrete
.The:e covcri m6y h! roduced to t5 mrn provided thgt the nomintt maximum qae of aggregetc does nol
cxseed l5 mm.
twhe.e concrero it subloct to ireering whilstwet, air.cntrainment rhoutd be rrsed (set 3.3.{.e}'
NOTE l. Thir tablc tclltet to norrnlhitcight rggrsgari of 29.mrn nomiarl m'trirnum r;'e'
NOTE 2. For concrcte urcd in: foondl-ti9nr tq lor{v tite gontttLttiqn. tae 6'2'{'l}' 
.':' 
".'
Tablc 3.5 Nominal corcr to rll rcinforcrmcnt (including linkrl to mcet cpccificd pGrids
of firc rorirtene. (sce notas I and 2l














































'-:-T-,. r'iii.t. ..i: .i!.,
.r.rii1 
rhe n";pi;siji';t assersing a irgrninat cctvdi tor beamr lr{d col.rmni'. t61 c<rve. to',irain harc'i/i,hicn would hlobeen
,,!rl,,rerr ito,jn iatlres l.2 anO-4,3 ot BS8l l0 : Parr 2 : lgSS have becn rcduqed bv a nptional allowincc for stirrugt of';.;;i;#;;;;;;.;mmto12mrn{seearsoa.r.it' 
''r'r::'' '. 'r'' "'.' 
' 'i
. T hcre.iover s .mqy .tle:,.oduced to 15 ,mm Frovrct e<l t hnl t he n orh rnal m axrmrrln !{zg o I aggregate doei not e rcaqd l5 n\rn '
':rre3.3,1.31 '...:. : ": "':" \: - ' ;":"':
lioTE l.Thenonrroal coverlgivenrelatctpeci{rcattytothcmintmurnmumbtrdimen5iocggivenrntigure3'?'''Gurdance
.j,1 Increasec! covgri.neceltary.if :rnatler memberg a.e usod is givan rn rection four of SS SllO : ircrt t ' 'rggs ' "
r{oTE 2. Cases rher iie betow rhe bold..t;.4g.(squ-i{c.at,LQntlon,torh€.sddrtroar!.nrearu!'+sfia.cetsa,r.v.tp re<Jvce rhgrilE.i qt i
,tt:rllrng (seo reciron lou,r ol BS 8l l0 : Patt 2 ' 1985) E 3
...12/-
fREc 36,
8S glli] : tti"t i it,ii.',i
Sectirrn ihrea
-12-
Tablc 3.8 Forrn rnd rrts uf rhclt reiaformmcnl in bcrmr
Vrlut of Y
{N.rnrmr}
Furm of shrnr rtinforcrmint lo btt
pi*vidltl 
"
Ar+r ct shear reioforcomant tq lre
pvovidcd
Lesc than 0.5 rr" throughout
the bearn
See note 1
05v"(v<t/c+0.4) Minimum links for whole length of Eeam Arv > 0.4 A"s"/0-87 fr"(iee hote 2)
{r"+0.4}(u(O.eV/c;
or 6 N/mmt
Links or links combined with bent'up
bars. Not more than 50 i6 of ihE shear
rori6t6ncc provided by the steel.nay be
in'thg form of bcnt-up bars (sae'hote Ql'
.Ir{hEre links onlY Provided:
Ar, ) b"s, (r- rr.li0.87 ttru




in m.rrrblrt of mincr. structcral importsncc wch !r lintllr vihlrr the msximut4 df$gn'lhlqr nrQtr ir lcsr lhan hell vt'
NpJE. Minlnum liniir nrovirlo a.feign l|rglt iltlttqfg 9f 0'4 N/mmt.
NdIE 3.Scq 3.f.6.8 for luHlnec on tpffing.ol !in!t md b.ttt'up brrr'
l0o4r
b"d
Effra'tha d+th lin minl



















































































NOTE t. Allowance has bcen m*Jo in rhese f igurer (or. a');. o{ I '?51' ' :' "
ruOfE .t. ittu va1,!'! in the rable are darived irom rtto crbrbssion:.' '
0.19(tOO,,4r/tbyalll/3{+Ociall,''lf i.'.. ; i : "' . :'"
whero.
toGA. :.J.llJ 3h611;6 not be tak!n or Ertalar than 3;b;d --.--='
' ibo '. i"'
. 
.+ 'ili6old.not.be tektri ts lsrs than 1.. | .' .'.. ' i : :-
d
'r;, 
;-rr"ir"iiiirti. ioi,cliii'ii,onstii sruara;,. ri ii ie'rulmrn: ,.rni uetuer.,n rtrblc.3.9 m6l
i; .;;il.":;;1i";ait t1: tni ;:c1; of r.., slidirlc!'nor uc iardn ii Ereatsr tnah 4o' ' .
B4
.. .13/_
,:ii: ,it iri ; ltf{ i : i*Eiil+ r'
--.tinn tl'l!^6€Jvw''-
-13-
3.t.6.4 Lang Wens. For splnr. exceeding 10 m, table 3.10
*hould be ussd onlY il it i$ not nice:satY to limit the
iocfea.se in tleflacticn sftef tle$ conrtrugtion of partitions
arrtj finishel, 
"{hsre 
linritetisn is necvsrafv. the wiuas ifi
rarrle 3.10 should bo multiptied by 1O/span oxcept for
cantilevsrs \'"'h8re th* detign sltoultt be iustif icd by
crlculation.
S.4. 6.5 fitt ul i f icat ia n o f *a* i4e pth. ret i e s. f a r t en aia tt ..
ftintorcement Oeflectibn is iirfluericed by ttie amodht bf
rension reinforcement an<t its stiehg. The span/effective
deprh ratio strould.therefota fg ,r.ng{ified according to ttn
:rr.u of rein{#ceinent providlii sirld its.3arvic! streli at ihs
csntre of thli sptn tor at the ilPpcrt in ths cbe bf a '
'ir"tirru"t. laiqer gt prnigtfuctiya poptrr iltiq outiineu ..
frorn table'3.tO shoulct be multiplisd hy thd ippropilato
lactor obtained trom tahle 3.1.1 .
3.4.6.8 Madification of $enldapth fttias for cawresid'on
'ffi i n f o rcetn enf ; Comprscsion rei nfgresrngfi t eho .i nf luencer''
def lection and tbt vtltir of tho ipnn/Bif?ctive{s$h ratio '
slrtained from toble 3.10 madiflsd by thc foctor obtained' '
from uble 3.1| msy bc rnultiplied by s furthcr fsctor .' . .
o.brained from uble 3.12.
3.4.6.7 Daflection dut to cru*, and {zrink4c, Fsrrni*ible i
rpanleffectiw dcpdr ntht obulncd frcm trbtcl 3't I to 3.1$
take acxount of normalcrcep'rnd rhrinkpga dafl.stion.
It ir is expectd ttrrt cr.rcp or shrinkrga of the concretg msy
be particulrrly high (e.g. if tho frsc rhrinkagc $rein is . .
expected io bo grertcr thcn 0.00075 or thr crcep coofficient
"-'Toble 3.ie Moctificaiion frctor for
csmprs*iort rclnf orssm*nt
:..i:t j : i::.j'j:-t r-.: :?j;i lai:itr j: i1ir' . 





















Trble 3.tl frf,qdifltttlcn fsetor for trnrbn r,cinferormrrt '
$qrvicrttrtr M/N7
9SO 6.16 r:s t.F0 2;OS 3.00 4.0t}' .6.q0 ' G.00':
100
. t60(/, - 2501 t5$
200
250





































































ttf irthedtisignuitirnatcF,lo(ncntat!heC6ntrtof thcsptnor;loracantiiover,3rthc!up-por.t'i.::i j j.l:.'
NOTE 2. ThC d$ign servic€ $tr€sr in the tensibn ruinf orceirrcilt in ii riiEmber maY ba estimatxl {rb,in the e(ustian:
NOTE l. T he valucs in thc tabte tleriw frorlt the *que!ir)6:





' i \ brt'l
,.st"n:rt:s*jr gA.- oro" Fo
NOTE 3. For o coniinuoor bearn. it rhe porcantil$g of redistribrrtion i: not known but the dalign ultimale mom3nt








. . ....1.,.'ri' .-!1,
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tb) The ratio of the characterirtic imposed toid ro thd
d'raracteristic dend toad does not exceed 1.25'
(c) 'the charscteristic imposed load does not cxcaed
6 kN/nr? excluding Partitions'
tlhcrc analysis is carried out fsr the singte lcad crsb of all
sanr loaded, thb resultlng support moments exc€tlt thocc
rt the supports of cantilevers should be rerluced by ?0 ,q6.
rith a consequential increase in the rpon mcmenis.
thc resulting bonding moment envelope chould $atisfY the
trovision of 3.2,2.1. No furtherredistribution shoclld be
trrried out.
llrere a spari ni: illnol is ntlincrr.rrl lo n cnrrtilovar of lanllth
ecrrding ono.ttrirrl ctl tho lpnn rrf tho lltrll. lfrn pon[tlllily
dror.rld be consirlctorl ol llro cnlo ol.rlrh unloGtlo<llcrnlilovor
lorded.
35.2.4 Ona'wiy sltaturirtp slults ttl upprttxhttrttcly' ctlttt[
rin Whoro lllo honttilirrtrr ttl 3.6.2.3 trt tnot. 1fi6 11111111ittttt
rrd chrLrr'in crilrtinttout otro'wty rplrrtring rlaltt mtv lto
crlculatcd uring rhe cocl(iciontr givsn in trblo 3,13.
Allowsncc har been mldg in thesq coclficicntl tor the
t0 96 rrdistribution.mentioned abova.
lhr curtailme ni of re inlorc-c mb n t' dssi gned in rccordrnci
*fth trblc 3.i 4 mry be carritd out in accordancs with thc'




tJ.3 Sotld rtrbl rprnnirt'l ln.twq dl;rctlont rt dght nt|hll
niformly diqtributtd l9fd1 - .,.. '
1t3.f Gcneral, Subclaurer 3.5'3.3 to 3.5.3.? may bc urod
' for rhe design of slabs spanning :.n lwo diractigm et right
eqlos and supporr;ng unifo.rmly dictributcd loads'




length of shotter cide
length.of longer side
n rotal derign ultimate load per unit arsa
tl.4n* + 1,6o*l
Atd number of discontinuour odgcs t0 ( /V { 4}
vt" design end thuar on strips of unit widttr ancl
sf,an lx atld considered to act ovor the middle
threo'quartcrs ol thc edge
v.., detign end sheer on strips of unit width rnd
" rpon I" and considcrtd to rct over the middlo
tt)Ics'quarters of the edge
6o cagging morirtnl in tho lpsn. pcr" unit width'
in tho dirsction of the rhortor rptn. lr.
divhtorl bY rtl.t
{lu tagging mt?mtnt lrr tho t1utr. ;nr urril witlllr'
In tha dlrcctlon ol tha tongof tpln. lr,
tlivitlxl lrY alrl
[1 nrrd B; hoqqing momitrlt, 1xr unlt-wldtlt, ovlr lho
rlrarlot ilrl$rr sltvlttxl hY nl.'
flJ rntf Jfa ltoggirrg rlomilltt. lxtr ynlt wkllh, .,vl't thr
longir cdglr dlvldrd lt'i nl"'
ol, rn{ fi,rv momrnt cooflicionr shown in tlbl.a 3'11
pr. end p' rnomcnt coeflicicnts'ihown in trble 3'15
p", rnd Fvy shmr forcc coetficicnl3 shown in trbh 3'16
3.5.3,3 Si ilWI y -et pp o rt ed tt abs. Whcn si mpl y'tupportd'
rtrbt do not hrvf rdrqultt provirion to ruilt torlion tt
lhl cottilrt, rtl(l l0 pnvlnt thl cornlit from llf ting,
thc mrxiniiiin'totnntt pcr'unit width rIG iiivcn by thc
tollowing Gqurtions:
m.. - cr* dlr? cquation l0
,. rrttv -'drv fl |rl
' NoTE. vllucr fsr n* lnd c* ric iiwn in t$ltr"l1' 
tqultion I I
, The vrlues in table 3.14 arc derivtd from thr following
equrtionr:
llrlt*'f




oqu.tion l3fr., maximum design ultimate moments 
either
. 
over tupPorts or at mid'span on ltrips of '
unit width and sPan l. .
arv maximum design ultimate momsntl eith€i
over supports or et mid'span on rtripr of
unit width and span l"
3.5.3..1 Restnined sla0s. In slabt where the Gornori trs
prevented trom lifting, and provition lor torlion is {flade, t
























NOTE. F is ths tolal desiEn ultim!(! load t1.461
I ir thc cftective spen,
I l.60rl: B6
...r)/-
.lr-.: i i:- .;r!.:.i:.......;
the maximum.design moments per.'qfiit widlh.'are given by
equations 14 and''l5i i :' !, 'i'j" ii' .'r'|1:'r".,'i :'i' :'
. , -:. ..;;:i.., bquatlon 14
n,, :r., ja:j::,:F.r1'.''..,:, . .'-. 
.'. 
i':.?.:-.1iri:!r:. :.j ..t 
*r*ri*.;rrl+ry,384
[r'*uticn ii ;' vA
14! Reinforcbment.[n,sh bdge 'strip, psr'allel't6 the.edge' :"
need not exceed the minimum given in 3.11.5 (minimur " :'
area$.of. tensioh reinfqrcelnerrl), .logethsr $Jith the .. " . 'i1-
recoinmendationsfor torsiongiverl in ($1, {6) snd [71.; '::' '
t5)Tiirsi6ii iiinfiirceniih. thould be'providid it anv ' '
corner where the stab is simply supported on.both edge"
meeting.et'th8t,corfier- lt should gongist al top and' : .'" :' '
bottom-reinforssment,'eEch wirh layers of 'bars placid .,'," :r'
parrllcl to the:iidEi of the sEt{ tnd extonding from thct " "
edges a minimsni diitancg of tna'iitttr af ihc ihurtcr j "': r
ipii. irti a,ita bt reihiorceiiientlirliath o{ ificra fdu'r' !":'''r
liyers should be three-Que*cllbf the'alta requireo fdi ' -':"
the.m9sir.nr1.q1 qid'sp-an $esigp Ingpgn! in.ttre,.qt.q|r.1 .':. 
' 
.,.
(61'forsion r.einf,srcemei\t cgual'to half that dc$ribsd: . '
in the preceding paragr.aph should be prgvi{ed1t'!';.. ;i.,i.r.r
ccrner contained by edges ovar only onc of which the
slab is continuour.
ilf toiri;t'irlhu'#;ii'l'fu Jo'ni'i$ir'nip-vrc.edii.?,tt':;l;:
corner contained bv edges over boiiibfriiiiiih'thi Slah
ismntinUoug.:'.,. ;.;.. '.{ i.. .;. ....- 1 ..,' ::.'.,'. .'" '.;:.:: i
r.s.3.i''Bdr,;raa.;iqg wlth u 7eq!.aliq"gliilpi gi i,ii1ri,'', .' 
-
panels, tn *oine casis thtr stippori morlFnts calculated lr0'
table'3i15, Jor adiacent panels, rnaydit'fer eignificantlf. ' ." ".'
To adiust them the following Procedures may be u:ed. ' 1' " '
(a) Caleulate the sum of the qoments at midspan and
supports (neglecting signsl" . . :.. . ., 
", 
..
(bl Treat [l+e:valuer frpqt table..3.1 5 at.{ixed end
rnoments..{FEMI},:rir., .. i.. ...
{cl Distribute the FEfuls across the suppoFts accordrng





+\frFv +'0r) ) l'' '$
'.'.,,:'il.:: 
.: '
e.5.s.5' Resrra''aed s{gQ.9,rgf e4.e th.1c1rllf dre preyintert
from tifting and tdequatb provigiqn is nlde for toftion:
cond itictnd bid rt,les fii i't he'b'ii'af eqiratia ns' | 4 aitd't 5. "
The conditions in which the eguotiqns may b€ uied for i'-
conlinuous slabs only ere as followe'
i,if in;;#'ircteristic dead and imposei'loads on aciaceni





'i.'- suppor:t mSrments.-. .. , , '. t : 'r' .i. ' , '. {rl} Adiust midspan momenl:'this shoutd',be such tliat
conslosrB(J trr ltl'rt r'lrrsurrurr' 
when it is adcled to the iuppcrt monrgnts'from {c}
The rulos to be observed when the equations are opplied. tq . (neglecting signs).the total.should egual that {rorn (al.
restrained slabs (contirruous or disconiinuous) are as follows
nisrabsarecorrsitreredeqdividecrjn**r,oi,irT;o;l;i;:''ii:fir'ii'i-;'ie.iiig!.f19;i';iiiii'n'!'s;rdbil#6mentsbie''''
middte strips and edse rrri$ ag rhown in figurq,i.$, .. LqW iigiiiticanilv iiiaier tl?l..tfg,value from tdbie 3'15'
rhe rniddte srrip being rhree.quarters of the *i[t5 ,"a fhe..liiuion i*4 g.itet th* iu.,pno.t:,'t t'll neiq,io.iie exre"'t
eact, eOge sgfpone-e:,gti,h of the it/idth. bey'ontl ihe prOviSions of 3'11'10'3' The procedure shrrur'
(21 Tlre max,irni.rm design momer\ts calculated ag above - i:..t-t fu!'*t': ". '- :'
*i, 
".ir; ,r.,. *io.ii* strips and 
no redistribiition. r-r ':;;:'ib'l!Thd spSfifrfonen'. is toReii::ui:barabolic between'' '
shculd be nrorje. supports: i5l.maxrrnum value ts as tbund f rorn (dl.
(3) Reinforceinent |l1 lhe mrcldlc tirips should t;'t '. ifi Tire poiits'il .c,intratiexure of the new si.r'bPQrt
deraitecr in accordsnce;;1;; i.ii.i0 iE.prir,ijJiutes'ior ' *o'_.i?li, (lioryr iiil l.ilh,!l'':.nP:" fr:lji"i (rrorn ia!'..




Toblc 3.i4.tlending nl,rnreflt coalficienlr f$r slabr rpanning in nvo directions
at right-angler, rimpiy-supported on four :idel
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Section three
: - i r.r$,!,-





















































iai:i+ 3.i5 Eandiag mcrncnl cctlficirntr for rectanguiar panetr cupForted ot'l ioqlr ridsr with pra.visicn fi;r tcrciq.ln






































































































































S.S.5 Shc*r r*rl*tlnoo o{ sotii* rlabs
3.5.5.1 Sfnrbo/r. Fsr ihs purpotet of 3.5.5 the foliowirrg
cvmbols epply.
Aru arue of shoer tinks in r rons
A1* creg of bent-ug: bart in s lsn6
b breedth of dsb under eonsideratian
d 
. 
e{fectico depth or sversge effectiss depth st a slob
fr, charactarirtic strcngth of ths sheer reiftforcoffient
which rhouldnot be t*ksn ff greater than 460 N/mmr
u norninal do:ign sheor rtresc
vc derign uftirnrte ghoar gire* slrtnineel irartr toble 3.10
V rhcrr force due to delign uttimete loads or thc design
ultimate vafue of s csncsntrlted load
o angle betweon the shcar reinforcement and the
. 
pkne of the slab
se . spacing of bent.up bors {sae figure 3.41
sy spacing of linkr
3.5.5,2 $heer stre$e$..Thd design shelr srrss, r.. ct sny t







ln no case should v exceed 0.8 y'fou or 5 N/mmt, whichette r
is the lessm, whatover. shesr reinfcrcement is provided.
3.5.5.3 Shear rainfercemd,.r?. Fccammendations fcr shear '
rsirr{orcement in solid slabs are giv*n in table 3.1?
3.5.6 $haw in solid slabr undar ceircentrand lesCr i
The provisicn: of 3.3.? mry be lppli*d. i
3.S.'I Orfleetion
Oefisctians may be calcufated lnd cornparcd with ti'r€ -:
seuviceability retluirements givcn in section three ot
BS 81t0 : Fart 2 i 1$BE hut, in all normal casas, it will'be
sufficisnt to rertrict rhe spran/effecriv€ depth ritio. i
The eppioprints rati* may be obtsined from tabln 3.10 and
moJificd by table 3.11. Only the reinforcement at the i
csnlre of the rpan in the width of slcb under conriderrtion:
should bc conridered to influence deflectisn, ii
Ths retio for a two-way rpenning slab should be basad on i
ihe rhorler sFan cnd its ornount of reinfercement in that I
.ln general the reinforcdrnent rpacing rules given in 3.13.11;
wilt bs the best'means of controlling flexural cracking ln !
stabr, but. in cortain caseE. advantegc may bo gain6d bY i
crlculating crack widths (see $,cction thrce of BS 8110 : I
direction.
3.5.8 Crrsk coriirbt
Pcrt 2 : 1gg5).
Trblc 3,1? Fornr rnd sror of rhecr rcinforctrnsnt in rolid dthr ..i
V*loo of v Fornr of rhorr rolafordment
tq b{ Frovldtd ' '
Arm of rhc,sr ruinforcornent ?o irc nro,;rlded :








Linkl andilt benr-.uf bars
in ony sombinrtion fbut
tho :pacing between linhs
or be;rt-up bar$ need ngt
bo lesg thnn dl




Whctr* bentqp bars cnly provid*d:
A*o ) Irs6{v - r'r}/(0.S7fr,(*ccc + sins cotpl}
{ceu 3.4,F.7}
NOTE 1. tt is dilficult to bend ond lix rhrcr rlinforccrnent *o ther irs effeetiwnegl eac be asiured in stabg lost ticn 300 mm dcsp.
It is therrloro n6f adui*btq !o use $hesr reiqforcemgnt in ruch rlsbr,
N0TE 2. The 
-eihancemerlr 


















t$tt. Ttrs frrovisionr oi thit clauStr r€lltc to colilmnc whogl grfifiltr
r*"*p grorg'*atiQnal tJirnenrion doer not,sxcoed lour rimcr itl
*r* ii*bncion. Whilc. the gloviyione rctot q p rimtrilY lo t ictcn'p* i*t; rcctionr. tha principlcs i'nvoltlod mrv ba appliad lo orhtf
E*rm.o opProFritlG' 
.'
t&l.t $frnSah,'For the purposer sf 3'Sthe following
renptolr rpFly.,'
-' 'ncl area of concie'rt in g columna- n€t cro3$'sectlol
lrrs. . t(ea gf verti-cal reinforc€rncnt. .' : .'
aL dGf lection.lt ULS for sach column cglculrted from
muction 32 . .
:,'.
$lJ0',gmign of columns in flgt rlrh gonsttuctiun
i*A* *trout* ue ddsigned in accordi#ceivitfi'tho
grodi* ns f 3.8. ; ..
& width ol a colunrn trlimenEion of cross tectisn
purp*ndicultt ta hl
h . dapth of tht cr*sl tsetioll met$utcd in the pllnc
undat currnldat*l!ori
16 e{fectiue height of a cclurnn in the grlene o{ trenCins
conridateC
/"* elfeciivc haight in rdtpect of the mrior rxil
I:; effective huight in tsspoct of the minor exis
,;' char treigtrt beiween end iestraints
i" height of e calumn measured bottt'ssn centrei of
restrsints
lill cmallsr initiit enO momoftt duo to dliigri ult:rflatc
losds
A{r '' [ar06r inirial enrt morvrint clua to dmign ultimats
losds
Mf initirl design ultimato rnoaront in t colu.mn befsre
aliowencri .f or adtlitionct dlsign rnbmtnts ariling
out'ofsldnderhe$s'' : " ':'| :'' 1'
Mn derieh,rrii#rie m,o.qr,rli,.,?"yLillg,I,.Iil ;,;,,,, ;'..M: sf fcctive uniriirf {epign Hli,.Orti..lpqlPsll !.qg.q1.=.
the x rxir
At v 0.";" ri,'*ltngla'1t!nt,;[qu.i;tdq i,,*i1, 
"-, 
,,,.
f,i ; errcctive uriii.liit,o.illp;O *1,tt6!;.,'fr gii'nni tFeut
tht Y axis 1.. .:.;.::,;.
M aa 






.q$i$n dltimrt?.?XtFt losd a! ?:ce{q,Fn- .
/Vr* :durign sxi*t teqdgsp.ccity af.s'bal*ncEd ttction;
" 








rd,,, . ifflsit.ll,i$iti cir*rcirv oI e gestion when
' iiruiactird id'axial lord onlY
' n numher of cttlumns rnristing ridefi#ryc s,t s.Sise'i)
- ievol or storeY
S.8.1.2 Ste of calumns. The slre of r column arid ttrli..-'
. position of ihe reiirfdriement in it may be affscted by the
requircmefits lor durtbility and fire reeistance. and thsss
. shsuld be considsred bolore ihe iietign is commenri:d' ,
3.6.1.3 Sho.'t en<J s/an der cclumns. f* cclum;i *oV Fu . .
' consiclered as shart when both ths rdtic$ I.*//! and l.rl&
rro lEss than l5 {bracad) lnd 10 (unbrnced}' lt shoLtld
oihsn/ise tre considered as slsndtr'
3.8.1.4 Plsin canuqte columng lf r cclumn hal a ltrge
.. enough gection io tsiitt tht ultimote lotds without thcilii;" of reinforgerhont'.th6.n it r-nsy. bo doEignorl sinilsrly
to e ptain concrdtt r{nll (E?e 1.3.4)'
. 3'8.1.F Eiaced and unbrscad tclumns' A column nlsv bd
consideied biaced in s given planc if leterrl si'ebility to thsI structurt as r vrhcle is protridcd by walls or bracing or
buttresring designod tc rerict oll latsral forcer in thtt plano'; lt slrould other'*ita be ccnsidered at unbtaced'
r.a. rwregs daftecliotr at ULS tpplicd to ei! cglu5nnr O ,'t
rt o given level t-' Lt
rrmnt. lt doe! roFr.tocrlsriiy irniFlv thnt th{t f 8ifllorc?rnsill witi bt in conrprcslicn. ' ' 'L9/j;:fiffi1ilj:i?::',I::::11,::'-'r'in co - ' -' - .- 'i,' i .
Perirneter
i
3.8.1.6 Eflrlctive height of a cslumn
3"8,1.9.1 Ganaral. Tlrs e{{eetiva height. J., cf e column in :
a given plane may be obtai$ed frcm thg following equitioi.i:
Io * $lo equaiisn 30
Values of'f aie glven ifl rabler 3.21 .!nrj 3.?? far briced end
ufrbraced cslumns rorpectivuly ar a {ur,gtion sf the rnd
conditionc of the column; Forcrulaa that may be use,J rc
obtain E more rigorous agssssrllcnt ef the effeetive lcn$th.
i{ derired, are given in 2.5 ct 8S 8t l0 : F*rr 2 I f 985,
It shautd be notcd thst rhe effectiw heighr 9f a eslslmrr in
the hvo plan dirsctions may be different.
ln tablat 3Jl and 3.22 tire end conditlonc are defined in
tcrms of t scelc lrcm I to 4..Increrse in this scale ccrres.
poncJr to o decreasc in end fixity. An approprieie value
crn bc asiessed from'3.8.1.8,?.
3.8.1.6.2 
€nd conditionr. The four end con<Jitions are Es
follewc.
lal Condition t. The end of the cclurnn ir connected
monollthiqalty to betmr sn either.sida which aro at
lctil al deop rr the ovsralldimengion of the column in
thc phne conridered. Wherc the column is ccnneetcd to
a foundrtian structure. thir should bt of a form
spicilicrlly designed to ciirry moment.
(bl Candition?, The end.of ths eolumn ir connectcd
monollthically td beams or slrbs'bn'iitt:ersiUe *tricfr
are rhaliower than thc a'ier'bll dimensidn of the cotumn
in the plene icnsidered.
bl CaindhiaiS. Thi erid of the cciumn is eonnected to
rnembors which, while not :pscilically derigned to
providc roctraint to rotftion of the colurnn Will, nevor.
thrless. provido some nomlnal re$trflint.
ldl''Con'ilition {:'The end of the coiumn ii unrestrained
against both latersl movement and rotatisn (e.9. the
frec end of r csntiteser. column 'in Nn unbrridrJ ttrticturel.
Tr.blb 3.?l,Vlluu sf p {er broed coluinnt
End condirion
rt t6t













tb-i" . i r-t
SsiJtii:;ii !i:ig.i
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3.8.1.7 Slenderne*s limits far caluntns. Generally, :he clq
. . 
d.istance. Jn, betv.'een snd re strairris rl-iouicj. not exceeq,l sixt
' 'iimes the minimum thickness of a columrr.
3.8,1.S .S/snrrbrnfss ci urtbnced colrrnrts. li, in eny giveir
pliine. one enrj erf an urrbraccd s&iutTiil is urrrestiek.,ed
(e.g. a cantilever cclumn!, itr clecr height, /o, rheuld not
excged:
i"= i!9: {6tj6, equetian I
I'vhere
S' and b'are respecrively the larg*r and srneller
ciirnensirrns ai .the column.
J'lie considErations of deflection {see 3.8.5i may introduct
f urther l!mitations.
3.8.2 ltloments a$d fores in colunrnr
3.8.2.1 Cclunns in manolithic fnmes desigtted tc lesrst
loterpl forces.. ln.such eases.the nnbments, sheer forces an{
axial forces should be determined in accordance with 3.2.t1
(see olsc 3.S.2.21.
3.8.2.! Additionat mon at ts inauiee W aefleciirih at utl '
In rlender coluinns idbitionat moinenteindurled by deflee
tiofi at U L$ *airtd'alsir ne tonsiCered. An altowince f or
them ir inade in the design'requiremenB for clendei I
columns {iee 3.8.3}. The basgs or othdr memberr eonnehl
to the ends of ;irch iolumnr shiuld also be designeci to
rcsist thesE additionsl momentr at ULS if the average
valus of l*/fi f or aii ce'lumns at a.prrticular level.is.greater.




3.8.1.3. blumns in calumn.and-bedfl ttnstruction, or in .
m o no I it h i c braeod str.rci u nt, f ra m e s. The axi al f o rqe in. a.
colurnn.firav be calculated on th3 assumption thet bearns
and slabi transrnining force into it ire iirnpty suppcrted. 
..
When a colurnn is axielly loaded or the axiel force
dorninetus, as in the ca:e. of columnr:supporting.5yrnrnair{.
ea! arrangemetrts of begns, oniy the Cesign uitimate axisl .
force need be consicrered in design aparthorn a ndmina!
allqvrance for eccentricity. eque! to that rscornmended
in 3.8.2.rt. 
:i.
3,82.4 Minimum eecerltlrcity. At no section,ia a column
rhoulC the detign monlent be taken ag lsss than that
produced b'/ conriclerin$ tho deiign ultinete axial toac! as. "
.lcting 0t a rninirnurn eccentricity, tr.1;6, €eual to 0.05 riri
the overcil dimension of the column in tlre plane of bshrJii
csnsiderbd but nst more thcn 2S mm. Where biaxial
bending is ccirsidered, it ii enly necersaiy to en$urs that
the eccentricir\. exceeds the minimum ebcut'one axis at
a...fiG;' .j
3.S.3 Deflactlon l*ctund fiomenb ln rslitl llandur coluffi
3.8.3.1 Design, ln general. ! cr$ss section may trrr designd
by th"iTrethods glven {or a short colurnrr {see 3.8.4} but it
lltu rhtitrt, u{:(irilnll frrn lri ixl lrrhrrlr nl llrrr rult!tiinrlrrl
rnonbnt induei,d in the bbiuinn by irt def lection.
Tsbtr 3.21'Vrlgat bf p for unbracad eolurant
'.i
i Ehd cs-nditlon .
.r rop i























flrirj i tie nal mDft snls
ffcca ncY be 
'
rdiced h pctportiun to I
the rttio ol lire stiffntss
of ltp ttss stiff to ihe
stiffr jbint '
Figurs 3.21
..i1;' " i ' 'i'
LS.4 ocrigrr of cclumn rc.tion fcr lJLs ,,ss that the design ultirnats axlal laad dom no.t axcesd Ute
' r,dlue c{ ff Eivrin hy: j
*:*j31{n:1,ffi:,,",';ffi1-filli:Tlfflj:[:;" ,v * 
',4r.u*o 
+ 
'.'s.{rcrv sq$aiio'38ftqment and axiaf force, the samc DssirmFltioris si'louf{i be .!'iO'rE,'rhir inciudtl tn slloidlnco for anr'
mlde os when analyrlng a beam (see 3.4.4.1]. g.s.{.{ Shen hrecd columns suilpafting an spprox!-
t.B.rl.Z Oesignchaftsfarsymmtricatly-rcinforcedcs/umns. netaly symmetricel ar,tlngstncnt a( beimt.-fhe decign .
Sctign charti for iymmetricelly.reinforced colurirns ars ultirnuta axiol lo*d fcr I short coiilmn of thjs tYpq mey bs
g"on in BS 8l l0': Part 3. Thev sre tasad on figures ?,1 calcrrlatsd using the fsltcwin0 €quetion;
rnd 2.2 of this c'odc and'ths assurnFticns $t S.4.tt.1. ry = g.3$fc'ude + 0.6?.4rclv equetion 39
f"8.4.3 ftaminaf eccentricity of shaft columns resi*lng where
cfrmlnts and axial forces. Short columnr usuallyr T*d. TIY {a} ths begms ars dcsigned for uniformly distributrd
u be designed for the maximum design mcment aoout the imporoO loldr. rnd
onc critical cxis.
'#irere, due to the nsture of rhe structurc. a columri cannst :1t,nt,*il.tprns 
ce not differ bY rnort than 151{
br lubiected to significant ffiementt, it may Lre 
'
t:t'sn:-b 
2 Nors. Thic includer an oilc,*enca ior'tm' ZL
-2t-
3.8.4"$ Fra..:ial benrJing,lcVhqn it is necessary to consider
biaxiat bendinS and ir thq xbe*nce of :nore pigbrous calcufa.
ti* ns in acc0rdance uith 3,4,d, 1 
. 
tynrmetrical ly-rei nf orced
rsctaflgrJlar seciion! nay bc derigned to withsftnd an
increaseti r?$rn*nt absul one axis give* bV the loilawiirg
eil$irtrsnS:
tai frrr ivfoih' 'P Mulb' , &r*'o sf* r.1J # tn,
tb) for itd*lh d,Vr/b'. ;l,lr'
wher*
.l' is the overal[ rection dimension in a clireeticn FerFen-
diculrr to lhe x rxis;
0' is the o'leral! ssction dinrension perpendicufar to the
y axir:
$ is a coeflicierit obtained lrom table 3.?4 below.
NOTE. Ser !rgure 3-?2 for lurlher cloriticarion of &'ond /r'.
3.&-4.6 Shear in co/urnnr. The cferign -chsar strength'of '-
cclurnns moy bc ehec.ked in cccordancs with 3.4.5'13. For
rectangular srctions. no check is required whcre ilflAl is less
rhan 0.75fi provided ihat the shear stret$ does not exceed
0.8 Vf.,, or 5 N/mrnr. whiehever ic'lhe lesset.
3.8,5 Ortlocian oJ colurnn!, :
No check ir nrcesery urider the lottowioE conditions.
lal Eraced colvtnns. Within the recoifimcnded lirni$
of slenderness nc specific check ir necessarY.
',lbl Unhraced coruinn.$. No cheqk ir norrnally nec$sarY .
if in the dircction and al the level ccgddered rhe
rvereso Talue ol l"/[ for all coluirtns is not more than 3S'
{c } &hgt*stord Y co n st ni ct id n . Wiire na f inish es
surceptible to ciamage nia rerult of deficction rre
Frt$nt. an unbraced eolurnn within the recommended
limits of slendernccs kee 3.6.1.81 mav he conridered
to be acce$tabte.
tf checkt are naedecl, guidance on approprirte lirnlts is
given in scciion three of BS 8t 1C : Part 2 : t985.
3.8.6 Creck eontral ln colsnrnr
Crecks u'irg ta bcnding in n cclumn designad for design
ul!imate axial laad gfeater then fi.2f*uA. are unliktly trr
des$r ott{ thtrsfqto no chsck is tequirod. A more lightly'
lcaded cslumn subiect to. berrcling shouid be eoasidered
as a beaft for the p'Jrpo$e cf cr-.ck eontrol,
Y
FiUurr 3.22 Bitxiclly hcnt colurnn
3.9 Walls
NGTE. Seo l.?.4 lor dE{initions rFeeilic to waflr.
3.$.1 SYmbolr
For tht trurperes c{ 3.9 tlre following syrnbols apply.
.Ac Srosi area of concrete st a eroti sectian : ,l
.4"g. fir?c of cornpreEsion fs[nforcerflent' pEr unit leng*'tt
of wall
!.N a.dditiorisl eccentriclty riue to deficetions
93
.t i,, ,.n it S.8'
. r eqriatio* 40
rr
* M, n F;,1.{*
equation 4l
qfiffi;a5otcrloto|$tr|ic$!|sit|fo'clhrtntuntliri.rtir,r..to,onn*."'o,,',,
Trbta 3.24 Valusr of tho eirtfficient p
JV
6& /c, 0 0,1 G.2 0.3 0.4 0.5. > 0.9
i, f .oo' c.EB o.tt 0.86 0'63. 0.4? o.3o
-,- -??/-
'i.
3.g.d.?4.A Snear enar'lr. Tha cl*{lestir}n sl plain rxlilcre{e 3.1{J.X.f ,Ennr'ssrbJe pan/bfiectlve de4h ratitt fr''s s1*;'
shear walls lhould be within aeceptabls limit* if the tstal c$srs ivitic;lt stringer beam.t' Piavided the stair flight
i-lo;,iJ"i, -qt exc*ed ren rinws rhe length sf the woii. occu'Jies gl !e*st 60 % ct ihe sFln. the rsiic! cslr:ulaie'J in
' accnrdencr r,vith 3.*.$'$ inay be increased hry 15 %'
.: -22-
3.tO Staircssss
3.10.1 G*nriii ' " :'
ttOTE. For IhLr purFo305 cl thir ctaute. a giaircrso mey be takatt tc
include I rsctlon oi Innding gpsrrftlng.in tho c$rnl direction tnrt
3.10.1,I Loafiag $lsircgt.'s sliculd be designed to.sqppqrt
the desigq.ultim.aip leadc.accor<ling tq the lqad eombitts'r,'
tione in 3.?.1.?.2. , !,' i ..''r,
l:rr- !.liir! il




For tlre purpcsei of 3.1t th* {ollowing symbois appty'
As total crcst.sectional area of reinfsrcement frarallal to
the iharter cldc of a slab
ay elistance frorn rhe iace of e eolunrn to thc critieal













hoi'izontol dimensio* of a culumn' para'llel te lx
lroriloniei dimension,6rf ,1 cQlumn, patallol tc l,
efteqtiue depth of a pad fogting or pile eap
thickrress of pad footing otbilo cap
hatf thg.tpgcing between column cefttrss (if rnore
ttrop biie l.pt t[e tiis.tance to. the edge of thg Fad.
whichave.q'is.t,hegreate.r), . .. 
... .
leng-th gJ,1lq l?..nger sid.e of a base
length oflheihorter side.cf a base.
design rhaar rtress a!,a':gq$pn . '. '
d es ig n eo ncret€-.s..! e cr.s! I,e.s.s 
( se e ta b le 3'..9-l
diametei of t.cir.p.r,rlii'pile cr of q circte.ihrcrlbed in
the plariform dt a file oi other shape
+ Q.$ {16.1 + !5.1} eguetion 47
where
I. iE the cloEr l',orizontal distance between the
supPorting snernb€ls;
lo.t ir the breadth of the:upporting mentber at one
enC or 1.8 m, whichever b the smaiter;
fn,1 is the breadth of the rupporiing mamher et the
othet cnd or l.$ m, whichever is the smrller.
3.10.1.4 Efkctive e4en of simpfV'suppdrted stat'rcases
without stringer beams..The effmtive span of simptv'
$Fpcrted ctaircsssr without niringer baom* rhould be taken
as the horilonta! distance between ths cefttrc'.tin*r ef ths
supForts or th€ cleor tJistsnce be$tesn tlre faces of supgorts
plui the effective dsirth, wl'lichever is the iesssr'
3.10.1.5 Depth cf sectron. The.depth of the tection should
be taken ts the miniffium thicknest perFeedicular to the
lo{fit of the staircase.
3.11.2 As*enrptionE in thi dcsign of ped footings and
pilc'r:afrs'
3.11.U 1 General. Exccpt whe re the tedctions to the
apFii6c'loads end rnomentr sre derlved by more eccurata
nethods. e.S.. an elastic arialysir of'a pile graup or ths
apflicailon cf establishod principles of soil mechmics'
ihe follcwins aslur-npiions'"hould be maCs. I
(al When e birsa cr a plle cap is exially loa<ied.
tl're reactions tc design ultin'late loade mry be assumed
to bc unitormly di*ributed (i.e. toad per unit arelr or' '
per pilel.
{bl When &.blse cr a pile eap is ecc.entricstly lcaded;''
the reactiens may he assumgd tc varY lirrcdrly actoss
the bosE or acrisg the Pilc system.
3.1 t "?..? Cr'itrcai;ecuo n in ciesig* c{ an is"rtated Fad
/ooirng. Tlre critical wc.tion in design e{ arr isolated pati I
focting may be taken ac that at the face cf the column ;
or wall supported.
3.11.?.3 Pocksfs fcr precax memb.erc- Acccunt choulC br'3.10.t Dcrign of.tteircrror ;ii#; Focksts f6t Breca$ members in catcuiating secrion
3.1O.3,1 .$frangth, ttefil,fition end crgck con#al, The recorn. resistancel, uniers grouted up with a cerneni mcrtar trst
mendatisnl for benms and slab: $iven in 3"4 anij 3,5 apply weaker then ihs csncrets in rhe baee.
except for the lpan/dePth ratia of a rtsircace without . . ::
stri*ger bearns where 3.18.2.2 afPti*.
, 94
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